< 

00 

CM 
CO 



(19) 



J 



Euro|>aisches Patentamt 
European Patent Office 
Office europeen des l>revets 



(11) 



EP0 732 418 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) 


Date of pubtication: 


(51) 


int. 01.^: C22C 38/42, C22C 38/50, 




ia09.1996 Bulletin 1996/38 




C21D 8/02 


(21) 


Application number: 95932907.9 




International aoolication nurrd^er: 


(22) 


Date of filing: 27.09.1995 










(87) 


International publication number: 








wo dfi/l OfiU f 1 1 fUl 1 996 Gazette 1 996/1 6) 


(84) 


Designated Contracting States: 


• 


ASAHI, Hitoshi 


DE FR GB IT 




Nippon Steel Corporation 






Futtsu-shI Chiba 299-12 (JP) 


(30) 


Priority: 30.09.1994 JP 237918/94 


• 


TAMEHIRO, Hirostii 


30.09.1994 JP 237919/94 




Nippon Steel Corporation 




30.09.1994 JP 237920/94 




Futtsu-shi Chiba 299-12 (JP) 






• 


MURAKI, Taro 


(71) 


Applicant: NIPPON STEEL CORPORATION 




Nippon Steel Corporation 




Tolcyo 100-71 (JP) 




Futtsu-shI Chiba 299-12 (JP) 






• 


KAWAKAMI, Akira 


(72) 


Inventors: 




Chiyoda-ku Tokyo 100-71 (JP) 




HARA, Takuya 








Nippon Steel Corporation 


(74) Representative: VOSSIUS & PARTNER 




Futtsu-shI Chiba 299-12 (JP) 




Siebertstrasse4 








81675 Munchen (DE) 



55 



(54) HIGHLY CORROSION-RESISTANT MARTENSITIC STAINLESS STEEL WITH EXCELLENT 
WELDABIUTY AND PROCESS FOR PRODUCING THE SAME 

(57) Martensitic stainless steel excellent in weWabil- 
ity and BSC resistance and having a tempered marten- 
sitic structure which contains on the weight t^asis 0.005 
- 0.035 % of C. at most 0.50 % of Si. 0.1 - 1 .0 % of Mn. 
at most 0.03 % of P. at most 0.005 % of 8. 1 .0 - 3.0 % of 
Mo, 1 .0 - 4.0 % of Cu. 1 .5 - 5.0 % o1 Nl. at most 0.06 % 
of AI, at most 0.01 % of N and such an amount of Or as 
to satisfy the relationship that 1 3 > Cr + 1 .6 Mo s 8. sat- 
isfies the relationship that C + N ^ 0.03 and 400 + 34N 
+ Ni + O.SCu - 1 .1 Or s -10. optionally contains further at 
least one element selected from among 0.05 • 0.1 % of 
Ti. 0.01 - 0.2% of Zr. 0.001 - 0.02 % of Ga and 0.003 - 
0.4 % of REM, the t>alance substantially comprising Fe. 
The process for producing the steel comprises hot roll- 
ing the billet of the same into a steel plate, austenizing 
the plate at a temperature in the range of the AC3 point 
to 1.000*C. followed by hardening, and subjecting to 
final tempering at a temperature in the range of 550"C 
to the Ac^ point, followed by cold forming. 
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Ni (eq ) = 40C+ 54N+Ni+0.3Cu-l.iCr-t.8Mo 
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Tcr.MNinAL FIELD 

sulfide stress eraeWng and good weWability. 

pA rxrtROtiND AFIT 

.„recentvea...edeve.opn.ento.«aswe..^r^^^^^ 
Of carbon dioxide gas (CO^) and mjecfon J^^^^^^'^^^^^^^ "ZTo martensitic stainless steels ^emph- 
leum have become extensively used in the art. Due to been used as an oil well pipe in such 

S^y A.S.420 steel having excellem resis«n<^ to co^^^^^ „«teria.s having 

environments. Since line pipes emerged on ^^'^ 9^°""?/"'^'^^^^^ have a high C content, joining thereof 

30 fMQP.insilREOF INVENT ION 

35 more than 0.06%. and N: not more than 0.01%. 

C + N ^ 0.03. 

40C + 34N + Ni + 0.3Cu - 1.lCr s -10, 
" „.«.c^.^a.^="e«e™«s«c,-«.^^co«»«0..:O.0«e»0.,..Z,:O.0,»..a.,O.: 

0 001 to 0.02%. and REM: 0.003 to 0.4%. 

with the balance consisting essentially of Fe_ ^ weWability and SSC resistance according to the pr^ent 

Further, the martensitic stainless sle^ '^f^^"*'^^^ v^eight C: 0 005 to 0.035%. Si: not more than 

« invention is characterized by comprising ^f^TTT^TS^W^Mo: 1-0 to 3.0%. Cu: 1.0 to 4.0%. Ni: 15 

13>Cr+1.6Moa8, 

C+N ^ 0.03. 
40C + 34N + Ni + 0.3CU - 1 .1 Cr - 1 .8 l^o a -1 0, 

0 001 to 0.02%, and REM: 0.003 to 0.4%. 

with the balance consisting essentially of Fe. martensitic stainless steel according to the present invention 



so 
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ing the above composition, to austenitization at a temperature of AC3 point to 1000'C; subjecting the hardened steel 
plate to final tempering at a temperature of 550'C to Aci point: and cold-rolling the steel plate to prepare a steel pipe. 

RRIFF nF.qCRIPTiON OF DRAWINGS 

5 

Fig. 1 is a diagram showing the influence 0I alloying elements on the resistance to corrosion by CO2. particularly 
the relationship between the Cr and Mo contents in temis of (Cr + 1 .6M0) of steels with Cu added or not added 
thereto and the con-osion rale; 

Fig. 2 is a diagram showing the influence of Mo on the sulfide stress cracking resistance; and 
10 Fig. 3 is a diagram showing the influence of the Ni equivalent on the femte phase fraction at the time of heating at 
a high temperature. 

BgST MODE FOR CARRYING OUT INVENTION 

15 From the results of many experiments conducted on the behavior of various elements on the corrosion resistance, 
mechanical properties and other properties, the present inventors have found that (1) the resistance to corrosion by 
CO2 can be improved by the addition of Cu and Ni in combination, (2) the sulfide stress cracking resistance can be 
improved by adding Mo. and (3) the toughness of the weld heat-affected zone can be improved by towering the C and 
N contents and regulating the constituents of the steel so as to provide a martensite phase. 

20 The present invention will now be described in more detail. 

At the outset, the present inventors have investigated the influence of various elements on the resistance of the 
steel to corrosion by CO2. Fig. 1 is a diagram showing the con-osion rate of 0.02%C-2%Ni steels with varied Cr, Mo, and 
Cu contents. 

In Rg 1 . • represents data for steels having a Cu content of 1 to 3%, and O represents data for steels with no Cu 

25 added thereto The corrosion rate is expressed as the depth of corrosion per year in sutDstitute ocean water of 120^C 
saturated with CO2 gas of 40 atm. When the con^osion rate is not more than 0.1 mm/y. the ^eel is evaluated as having 
satisfactory con-osion resistance. As can be seen from Fig. 1, the contribution of Mo to the corrosion rate is 1.6 times 
greater than the contribution of Cr to the conrosion rate. The corrosion rate of the steel with Cu added is the same as 
that of the steel wherein the content of Cr + 1 -6M0 is 5% higher than the steel with Cu not added; 

30 It is noted that Cr and Mo are typical fen-'rte forming elements and the incorporation of these elements in a large 
amount results in the formation of a fenrite phase. In order to bring the con-osion rate to not more than 0.1 mm/y. the 
content of Cr + 1 .6M0 = 7.5 to 8.0% is necessary for the steel with Cu added thereto, while, in the case of the steel with 
Cu not added thereto, the content of Cr + 1 .6M0 = 12.5 to 14.5% is necessary. In order to form a martensitic structure 
using the Cr and Mo contents on the above level, the addition of a large amount of an austenite forming element is nec- 

35 essary. rendering the conditions, necessary for lowering the C and N contents, more strict. 

On the other hand, in the case of a steel containing not less than 1% of Cu with Cr + 1 .6M0 = 7.5 to 8.0%. the addi- 
tion of an austenite forming element even in a small amount can bring the structure to a singe phase of martensite, and 
Cu per se is an austenite forming element, which is advantageous also from the viewpoint of phase stability. Thus, for 
the steel with Cu added thereto, elements can be selected under very advantageous conditions. 

40 Next, the present inventors have investigated environmental conditions under which sulfide stress cracking (SSC) 
Is created. The relationship between the partial pressure of H2S and pH was investigated, and the results are given in 
Fig. 2. 

In Fig. 2. both Q anci • represent steels with Mo: 0%, and lx)th 0 and ♦ represent steels with Mo: 1%. For the 
steels represented by O ^> was not occurred, whereas for the steels represented by • and ♦. SSC was 
45 occurred. A dotted line represents the boundary between the occurrence of SSC and the freedom from SSC with 
respect to 0% Mo, and a solid line represents the boundary between the occurrence of SSC and the freedom from SSC 
with respect to 1% Mo. From Fig. 2, it is apparent that steels with Mo added are free from SSC even under severe con- 
ditions of high partial pressure of H2S and low pH. 

It has been found that the toughness of the weld heat-affected zone can be improved when the structure consists 
so of a single phase of martensite free from 6-ferrite phase and. at the same time, has lowered C and N contents. Fig, 3 is 
a diagram showing the contribution of each element to the ferrite fraction at the time of heating of the steel at a high 
temperature. From Fig. 3. it is apparent that when Ni(eq) = 40C + 34N + Ni + 0.3Cu - 1 .ICr - 1 .8M0 is greater than -10, 
the formation of the ferrite phase is inhibited resulting in the formation of a single phase of martensite. 

The content range of each alloying constituent specified in the present invention will be descrbed. 
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C: C is an element which forms a Cr carbide or the like and deteriorates the corrosion resistance. It. however, has 
a high capability of forming austenite. offering the effect of inhibiting the formation of a fen-ile phase. When the 
amount of C added is less than 0.005%, the contemplated effect cannot be attained. On the other hand, the addi- 
tion of C in an amount exceeding 0.035% causes precipitation of a large amount of carbides, such as Cr carbide. 
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resulting in deteriorated toughness and. at the same time, enhances the hardness of the weld heat-affected zone, 
here again resulting in deteriorated toughness. For the above reason, the C content is limited to 0.005 to 0.035%. 
Si: SI contained in the steel is the residual Si after use as a deoxidizer in steelmaking. When the Si content exceeds 
0.50%. the toughness and the sulfide stress cracking resistance are deteriorated. Therefore, the Si content is lim- 

5 ited to not more than 0.50%. 

Mn: Mn is an element which lowers the intergranular strength and deterbrates the cracking resistance in a con'o- 
sive environment. It however, senses to form MnS, rendering 8 harmless. In addition, it is useful for bringing the 
structure to a single phase of austenite. When the Mn content is less than 0.1%. the contemplated effect cannot be 
attained. On the other hand, when it exceeds 1.0%, the intergranular strength is signrficantly lowered. For this rea- 

10 son. the Mn content is limited to 0.1 to 1 .0%. 

P: P segregates in the grain boundaries and consequently lowers the intergranular strength, resulting in deterio- 
rated sulfide stress cracking resistance. Therefore, the P content is limited to not more than 0.03%. 
S: S forms inclusions based on sulfides, deteriorating the hot workability. Therefore, the upper limit of the S content 
is 0.005%. 

15 Mo: As with Cr. Mo serves to improve the CO2 conrosion resistance and. in addition, as shown in Fig. 2, has the 
effect of improving the SSC resistance. When the Mo content is less than 1.0%. the contemplated effect is unsat- 
isfactory. Therefore, the amount of Mo added is limited to not less than 1.0%. On the other hand, when the amount 
of Mo added is excessively large, the effect is saturated and. at the same time, the deformation resistance on heat- 
ing is increased, resulting in lowered hot workability. For this reason, the upper limit off the Mo content is 3.0%. 

20 Cu: Cu is the most imporlant additive element which is enriched in a corrosion film to improve the resistance to cor- 
rosion by CO2 as shown In Fig. 1. A combination of desired corrosion resistance with martensitic structure cannot 
be attained without Cu. When the Cu content is less than 1 .0%, the effect is unsatisfactory. Therefore, the Cu con- 
tent is limited to not less than 1 .0%. On the other hand, when it is excessively high, the hot workability is deterio- 
rated. For this reason, the upper limit of the Cu content is 4.0%. 

25 Ni: The ability of Cu to improve the corrosion resistance can be markedly improved by adding Cu in combination 
with Ni. This is considered attributable to the fact that Cu combines with Ni to form a compound which is enriched 
in the con-oslon film. The Cu enrichment Is difficult in the absence of Ni. Further. Ni is an element having a high 
capability of forming austenite and. hence. Is useful for realizing the martensitic structure and improving the hot 
workability. When the Ni content is less than 1 .5%. the effect of improving the hot workability is unsatisfactory, while 

30 when it exceeds 5%. the Aci transformation point becomes excessively low. rendering the tempering difficult. For 
the above reason, the NI content is limited to 1 .5 to 5%. 

Al: As in the case of SI, Al contained in the steel Is the residual Ai after use as a deoxklizer in steelmaking. When 
the Al content exceeds 0.06%, AIN is formed in a large amount, resulting in deteriorated toughness of the steel. For 
this reason, the upper limit of the Al content is 0.06%. 

35 N: N is an element which is unavokJably contained in the steel. It enhances the hardness of the weld heat-affected 
zone and deteriorates the toughness. For this reason, the upper limit of the N content is 0.01%. 
C + N: C and N act similarly to each other and deteriorate the toughness of the weW heat-affected zone. The addi- 
tion of C and N In a total amount exceeding 0.03% results in deteriorated toughness. For this reason, the total con- 
tent of C and N is limited to not more than 0.03%. 

40 Cr + 1 . 6M0: Cr serves to improve the resistance to con-oslon by CO2. Mo functions likewise. Experiments have 
revealed that, as shown in Fig. 1 . the contribution of Mo to the corrosion rate is 1/1 .6 time tiie contribution of Cr to 
the corrosion rate. Therefore, the Cr content Is not limited alone but as Cr + 1 .6M0. Based on the results shown In 
Fig. 1 , the lower limit of the content of Cr + I.6M0 Is not less than 8. An excessively high content of Cr + 1 .6M0 
increases the contents of C. N. and Ni required and. at the same time, provides excessively high material strength. 

45 For this reason, the upper limit of the content of Cr + 1 .6M0 is 1 3. 

The steel of the present Invention having the above composition has good resistance to corrosion by CO2. How- 
ever, when ferrite forming elements, such as Cr and Mo. are present in a large amount, a fenrlte phase is formed In weld 
heat-affected zone resulting In deteriorated toughness. Therefore, tfie contents of ferrite forming elements should be 
so limited. It is known that C. N, Ni, and Cu inhibit the formation of the fen"ite phase, whereas Cr and Mo accelerate the 
formation of the fen-lte phase. Steels with varied content of these elements were prepared by the melt process to exper- 
imentally determine tine contribution of individual elements. As a result. It has been found that, when Ni(eq) = 40C + 34N 
+ Ni + O.SCu - I .ICr -I.8M0 s -10 is satisfied, no fen-ite phase Is formed and the structure is constituted by a single 
phase of martensite. For this. C. N. Ni. Cu. Cr. and Mo should satisfy tiie above requirement. 

55 

Ti: Tl Is dispersed as TIN or Ti oxides to Inhibit the grain growth in weld heat-affected zone to inhibit thedetenoration 
of the toughness. When the Ti content is excessively low, the contemplated effect cannot be attained. On the other 
hand, when it is excessively high. TIC is precipitated resulting in deteriorated toughness. For this reason, the Ti 
content is limited to 0.005 to 0.1%. in this case, N which has been fixed as TiN does not conti-ibute to the hardness 
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of the weld heat-affected zone and. hence, does not contribute to the deterioration of the toughness. For this rea- 
son, the total content of N in the form of TiN, that is, (N - 3-4Ti). and C may be not more than 0.03. 
Ca and REM: Ca and REM serve to bring inclusions to a spherical form, thus rendering the inclusions harmless. 
When the content of Ca and REM is excessively low. the contemplated effect cannot be attained, while when it is 

5 excessively high, the amount of inclusions becomes so large that the sulfide stress cracking resistance is deterio- 

rated. Therefore, the Ca content is limited to 0.001 to 0.02%, and the REM content is limited to 0.003 to 0.4%. 
2r: Zr combines with P detrimental to the sulfide stress cracking resistance to form a stable compound, thereby 
reducing the amount of P in a solid solution form to substantially reduce the P content. When the Zr content is 
excessively low. the contemplated effect cannot be attained. On the other hand, when it is excessively high, coarse 

10 oxides are formed to lower the toughness and the sulfide stress cracking resistance. For this reason, the Zr content 
is limited to 0.01 to 0.2%. 



The above steel as hot-rolled and after reheating to the AC3 transformation point or above has a martensitic struc- 
ture. Since, however, the steel having a martensitic structure is too hard and has low sulfide stress cracking resistance. 
15 it should be tempered to form a tempered martensitic structure. When the strength cannot be reduced to a desired level 
by certain tempering, the formation of martensite followed by heating to a dual-phase region b^een Ac^ and AC3 and 
additional tempering can provide a tempered martensitic structure having low strength. 

Conditions for the production of the steel of the present invention will be described. 

The steel of tiie present invention is quenched at a temperature of AC3 to lOOO^^C. This is because when the hard- 
20 ening temperature exceeds lOOC'C, grains are coarsened to deteriorate the toughness, while when it is below AC3. a 
dual-phase region of austenite and ferrite is formed. 

Further, it is difficult to easily temper the steel of the present invention by conducting tempering once. For tills rea- 
son, tiie tempering is usually carried out twice. However, when single tempering suffices for the contemplated purpose, 
there is no need to repeat the tempering procedure. Regarding the final tempering temperature, when the temperature 
25 exceeds Aci. fresh martensite is formed after tempering, resulting in increased hardness and deteriorated toughness. 
Therefore, the upper limit of the final tempering temperature is Ac^ On tfie otiier hand, a tempering temperature below 
550**C is excessively low for attaining contemplated tempering. Therefore, in this case, the tempering is unsatisfactory, 
and. in addition, the hardness is not decreased. For tiie above reason, tiie lower limit of tiie final tempering temperature 
is 550*C. 

30 The present invention will now be described in more detail with reference to the following examples. 

At tiie outset, steels having chemical compositions specified in Table 1 were prepared by the melt process, cast, 
and rolled by a model rolling mill into seamless steel pipes which were tiien heat-treated under conditions specified in 
Table 2. Steel Nos. 1 to 8 are steels of tiie present invention, and steel Nos. 9 to 13 are comparative steels. N and C -i- 
(N - 3.4Ti) for steel No. 9. Cr + 1 .6M0 and Ni(eq) for steel No. 10. Cu for steel No. 11 . Ni for steel No. 12. and Mo for 
35 steel Na 13 are outside the scope of the present invention. 

The resistance to corrosion by CO2 was determined by immersing a test piece in substitute ocean water of 120''C 
saturated with CO2 gas of 40 atm and measuring the weight toss by corrosion to determine tiie corrosion rate. 

The sulfide stress cracking resistance was determined by mixing 1 N acetic add with 1 mol/liter sodium acetate to 
adjust the solution to pH 3.5. saturating the solution with 10% hydrogen sulfide + 90% nitrogen gas or cartx>n dioxide 
40 gas, placing an unnotched round rod test piece (diameter in parallel portion 6.4 mm, length In parallel portion 25 mm) 
into tiie solution, applying in tiiis state a tensile stress con-esponding to 80% of the yield strength to the test piece to 
measure tiie time taken for the test piece to be broken (tHreaking time). \/Vhen the test piece is not broken in a 720-hr 
test, it can be regarded as having excellent sulfide stress cracking resistance. 

Furtiier. a test on a simulated heat affected zone corresponding to a heat input of 2 kJ/mm was conducted to meas- 
45 ure the transition temperature (vTrs) for a JIS No. 4 test piece for a Charpy impact test. The test results are also sum- 
marized in Table 2. 

As is apparent from the results given in Table 2. steel Nos. 9, 10. and 12 had respective vTrs values of S^'C. ^2**C, 
and -1 7**C, i.e., had deteriorated toughness in heat-affected zone, indicating that these steels do not satisfy tiie require- 
ment for the impact toughness of the heat-affected zone (vTrs < -20*'C). For steel Nos. 1 1 and 12. the corrosion rate is 
so significantiy high, and steel No. 13 occurred sulfide stress cracking. 
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Claims 
1. 
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than 0.50%, Mn: 0.1 to 1.0%. P: not more than 0.03%. S: not niore than 0.005%. Cr: 10.0 to 13.5%. Cu: 1.0 to 
4.0%. Ni: 1 ,5 to 5.0%, Al: not more than 0.06%. and N: not more than 0.01%. 

C + N g 0.03. 

40C + 34N + Ni + 0.3Cu - 1 .iCr s -10. 

with the balance consisting essentially of Fe. 

2. A high-corrosion-resistant martensitic stainless steel possessing excellent wekJability, having a tempered marten- 
sitic structure, characterized by comprising steel constituents satisfying by weight C: 0.005 to 0.0357o. SI: not more 
than 0.50%. Mn: 0.1 to 1.0%. P: not more than 0.03%. S: not more than 0.005%. Cr: 10.0 to 13.5%. Cu: 1.0 to 
4.0%, Ni: 1 .5 to 5.0%. Al: not more than 0.06%. Ti: 0.005 to 0.1%. and N: not more than 0.01%. 

C + (N - 3.4Ti) s 0.03. 

40C + 34N + Ni + 0.3Cu - 1 .iCr a -10. 

with the balance consisting essentially of Fe. 

3. A high-con-osion-resistant martensitic stainless steel possessing excellent weldability and SSC resistance, having 
a tempered martensitic structure, characterized by comprising steel constituents satisfying by weight C: 0.005 to 
0.035%. Si: not more than 0.50%, Mn: 0.1 to 1.0%, P: not more than 0.03%, S: not more than 0.005%. Mo: 1.0 to 
3.0%. Cu: 1.0 to 4.0%. Ni: 1.5 to 5.0%. Al: not more than 0.06%. N: not more than 0.01%. and Cr satisfying a 
requirement represented by the formula 1 3 > Cr + 1 .6Mo s 8. 

C + N ^ 0.03. 

40C + 34N + NI + 0.3Cu - 1 .1 Cr - 1 .8 Mo a - 10. 

with the balance consisting essentially of Fe. 

4. A high-corrosion-resistant martensitic stainless steel possessing excellent weldability and SSC resistance, having 
a tempered martensitic structure, characterized by comprising steel constituents satisfying by weight C: 0.005 to 
0.035%, Si: not more than 0.50%. Mn: 0.1 to 1 .0%. P: not more than 0.03%. S: not more than 0.005%. Mo: 1.0 to 
3.0%. Cu: 1 .0 to 4.0%, Ni: 1 .5 to 5.0%, Al: not more than 0.06%, Ti: 0.05 to 0.1%. N: not more than 0.01%. and Cr 
satisfying a requirement represented by the formula 'lS > Cr + I.6M0 a 8. 

C + (N - 3.4Ti) ^ 0.03. 

40C + 34N + Ni + 0.3Cu - l.lCr - 1.8 Mo s -10. 

with the balance consisting essentially of Fe. 

provided that (N - 3.4ri) gives a value of N ■ 3.4Ti when N - 3.4Ti s 0. and 0 (zenD) when N - 3.4Ti < 0. 

5. A high-con-osion-resistant martensitic stainless steel possessing excellent weldability, characterized by comprising 
steel constituents constituting a steel according to any one of claims 1 to 4 and further comprising Zr: 0.01 to 0.2%. 

6. A high-corrosion-resistant martensitic stainless steel possessing excellent weldability. characterized by comprising 
steel constituents constituting a steel according to any one of claims 1 to 5 and further comprising at least one ele- 
ment selected from the group consisting of Ca: 0.001 to 0.02% and 0.003 to 0.4% of REM. 

7. A process for producing a high-corrosion-reslstant martensitic stainless steel possessing excellent weldability. 
characterized by comprising the steps of: subjecting a steel plate, produced by hot-rolling a stainless steel slab hav- 
ing a composition according to any one of claims 1 to 6. to austenitization at a temperature of AC3 point to lOOO^C 
to harclen the steel plate; subjecting the hardened steel plate to final tempering at a temperature of 550**C to Ac^ 
point; and cold-rolling the steel plate. 
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Nl (eq) = 40C + 34N+Ni+0.3Cu-l.lCr-1.8Mo 
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*nr later docimeot published after the iateinaiiooal filtng dale or priority 
date and not ta oooflad witb the applicitioo but dted to vodcrsiaod 
lie priadple or theory uoderiyiag the iaveaiion 

*^** docamcat of particular lelevaaoe: the daimed inveotioo caaaot be 
ooasidered aovd or caanoi be oonsidered to iawolve an iaweatiwe 
step whoB the docttmeal is lakea alone 

*nr** doouDeni of paittcular relevance; the daimed iovenlion cannot be 
considered to involve an inventive siqi> wbea the docameat is 
combined with oneor more other such documeat$,such combination 
being obvious to a person skilled ia die an 



"A" docttoent member of the s 



E patent family 



Date of the actual oompletion of ibe intemadonal seaicfa 
December 8, 1995 (08. 12. 95) 



Date of inatliog of the international search report 

December 19, 1995 (19. 12. 



95> 



Name and mailing address of tbe ISA/ 

Japanese Patent Office 
Facsimile No. 



Authorized oCTicer 



Tdephone No. 



Form PCr/lSA/210 (second sheet) (July 1992) 



13 



THIS PAGE BLANK (usptq) 



